infusion of D. lycioides is used as herbal medicine for infertility in women [27, 30, 33, 34, 35] . Root infusion of D. lycioides is used as an emetic in South Africa [8] and root infusion of the species is mixed with the tuber of Dicoma anomala as an emetic in Malawi [33] .
Root infusion of D. lycioides is used as traditional medicine for epilepsy in South Africa [9] and Zimbabwe [33] . Root infusion of D.
lycioides is mixed with Senna petersiana and Euclea natalensis as herbal medicine for epilepsy in South Africa [36] . The root extract and powdered root of D. lycioides is used as herbal medicine for eye problems in Namibia and South Africa [8, 20] . In Namibia and Zimbabwe, leaf, root or stem infusion of D. lycioides is used as remedy for menstrual problems [20, 33] . Root infusion of D. lycioides is regarded as a purgative in South Africa and Namibia [8, 23] . In Malawi and Zimbabwe, root pieces of D. lycioides are buried within the house to protect members of the household from witchcraft [33] .
According to Hedberg and Staugard [30] , women in Botswana use root decoction of D. lycioides during pregnancy and also use the decoction as remedy for pains in the womb. In Namibia, bark, leaf or root decoction are used as remedy for bleeding, fever, intestinal worms, oral candidiasis [21, 22, 27, 28] and abortifacient [20] . In South Africa, bark and root infusion of D. lycioides is used as herbal medicine for blood in faeces, dysentery and inflammation [23, 36, 37] .
In Swaziland, leaf decoction of D. lycioides is taken orally as remedy for HIV or AIDS opportunistic diseases or leaf decoction is applied on pubic hair as lice repellent [38] . In Zimbabwe, the root infusion of D. lycioides is applied topically as snake antidote, as remedy for heart problems, pneumonia and sore throat [33] . In Botswana, South Africa and Zimbabwe, D. lycioides is used as ethnoveterinary medicine [33, 39, 40] .
Phytochemical and nutritional constituents of D. lycioides
The nutritional composition of D. lycioides fruits and leaves was shown in Table 1 . D. lycioides is a source of important elements such as phosphorus, iron, magnesium, potassium, sodium, copper, zinc and calcium [41] . Phytochemical screening of leaves, roots, stems and twigs of D. lycioides revealed the presence of alkaloids, anthraquinones, cardenolides, carotenoids, flavonoids, naphthoquinone, phenolics, polyphenols, saponins, steroids, tannins and terpenoids [21, [42] [43] [44] [45] . Ferreira et al [46] isolated naphthoquinone constituents from the bark of the roots of D. lycioides which included isodisopyrin, 7-methyljuglone and 8.8-dihydroxy-4,4-dimethoxy-6,6-dimethyl-2,2-bisnaphtyl1,1-quinone. Dehmlow et al [47] values of 0.019 mg/mL to 1.250 mg/mL [24] . Calcium (Ca) Drupe 66.80 mg [41] Calcium (Ca) Leaves 1.10 mg [49] Carbohydrates Drupe 16.50 g [41] Condensed tannins Leaves 1.80% [42] Condensed tannins Stem 0.20% [42] Copper (Cu) Drupe 0.23 mg [41] Crude fibre Drupe 3.50 g [41] Energy Drupe 70.70 kcal [41] Fat Drupe 0.10 g [41] Flavonoids Leaves 0.50 mg catechin equivalent/g [42] Flavonoids Twigs 0.50 mg catechin equivalent/g [42] Gallotannins Leaf 9.50 µg GAE/g [42] Gallotannins Stem 0.50 µg GAE/g [42] Iron (Fe) Fruit 1.00 mg [41] Magnesium (Mg) Fruit 39.70 mg [41] Niacin Fruit 0.17 mg [41] Phosphorus (P) Fruit 13.70 mg [41] Phosphorus (P) Leaf 0.10 mg [49] Potassium (K) Fruit 271.00 mg [41] Protein Fruit 0.90 g [41] Protein Leaf 9.10 g [49] Riboflavin Fruit 0.09 mg [41] Sodium (Na) Fruit 16.30 mg [41] Thiamin Fruit 0.11 mg [41] Total phenolic Leaf 40.00 mgGAE/g [42] Total phenolic Stem 6.30 mgGAE/g [42] Vitamin C Fruit 45.20 mg [41] Water Fruit 78.00 g [41] Zinc (Zn) Fruit 0.30 mg [41] 6. Biological activities A wide range of biological activities have been documented from extracts and compounds isolated from D. lycioides including anti-adhesive [13] , antibacterial [20, 24, 25, 44, 48, 50] , antifungal [50] , anti-inflammatory [42] , antimetastatic [44] , antioxidant [43, 44] , antiproliferative [43] and mutagenicity [50] .
Anti-adhesive
Nyambe [20] evaluated anti-adhesive activities of the leaf, root and twig fractions of D. lycioides on the attachment of oral pathogens to tooth surface using saliva-coated hydroxyapatite beads (S-HA)
as a model. The leaf extract did not prevent the growth of any of the pathogens, it was able to inhibit the attachment of S. sanguinis to glass by 45% and 24% in the case of S. mutans [20] . The root fraction displayed the MIC values of 0.63 mg/mL and against abdominal pains in Malawi and Zimbabwe [33] , general body pains in South Africa and Zimbabwe [8, 20] and inflammation and wounds in South Africa [37, 40] .
Antimetastatic
Bagla et al [44] evaluated antimetastatic effects of acetone extracts of D. lycioides on BUD-8 cells using the real-time xCELLigence system, and its activities on metastatic cervical cancer (HeLa) cells using wound healing migration and invasion assays. Acetone extract was found to be toxic to BUD-8 cell at concentrations of 500 µg/mL and 1 000 µg/mL [44] . Concentration ranges of 5 µg/mL to 100 µg/mL
were not shown to be toxic at 18 h of exposure, with decrease in cell and above exhibiting more than 50% free radical scavenging activity [43] .
Bagla et al [44] assessed antioxidant activities of hexane, ethyl acetate, acetone, and methanol extracts of D. lycioides using the DPPH assay.
All extracts showed the presence of antioxidant constituents with hexane extract showing the least antioxidant active compounds while ethyl acetate and acetone showed more active compounds, especially in the intermediate mobile system [44] . Most of the antioxidant compounds in ethyl acetate, acetone, and methanol could not move from the base of thin layer chromatography plates when they were eluted in benzene, ethanol and ammonia hydroxide (nonpolar) solvent system, suggestive of the high polar nature of the constituent compounds [44] .
Antiproliferative
Pilane et al [43] 
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